Abstract: Combined SPPE-IPPE method is proposed to obtain thermal parameters (thermal effusivity, diffusivity, conductivity and volume specific heat) of saturated (caproic C1O:O) and monoenoic unsaturated (oleic C18: 1, cis) fatty acids. The method was also used to investigate temperature behaviour of thermal parameters (around the melting point) for lauric acid (C12:O). The combined SPPE-IPPE approach eliminates problems associated with sample's transparency and thickness control.
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INTRODUCTION
An important aspect of industrial processing of edible oils and fa@ is the ability to measure their physical properties in a rapid, sensitive, and reproducible fashion. Traditional methods are elaborate, time consuming, and costly; development of alternative techniques is encouraged.
In principle standard photopyroelectric (SPPE) and inverse photopyroelectric (IPPE) configurations allow each the measurement of two thermal parameters (the remaining two are then calculated) provided that certain experimental conditions are met [1,2] i.e. : i) sample is optically opaque (SPPE); ii) thickness of the sample is rigorously controlled (both SPPE, IPPE), and iii) sensor is thermally thin (IPPE) . When sample is partially transparent and undergoes a solid to liquid phase transition, the above mentioned conditions are not easily met anymore so that either filters or quite sophisticated PPE cell geometries are required. Combining two configurations (as proposed in this paper) is a good alternative for some limiting PPE cases.
THEORY
In the standard configuration, when the sensor is thermally thick, and sample both thermally thin and optically opaque, the magnitude of PPE signal is given by [3]:
In the IPPE scheme, when sample is thermally thick, the PPE signal can be calculated from [2] :
In eqs.(l) and (2) conventional symbols were used to characterize various physical quantities. As seen from eqs. (1) and (2) relevant information is contained in the amplitude term of the PPE signal, while the phase is constant. In both cases the amplitude of the signal depends in a very simple manner (inversely proportional) on a sample related thermal parameter: volume specific heat (SPPE) or thermal effusivity (IPPE).
Remaining two parameters (thermal diffusivity a and thermal conductivity k) are evaluated using well known relationships:
EXPERIMENTAL
Specially designed SPPE-IPPE cell is shown in Fig. 1 . The sensors used in the experiment were 300 pm thick LiTaO, (SPPE) and a 9 pm thick PVDF foil (IPPE). In the SPPE configuration the requirement for opacity of sample was achieved by using a blackened A1 foil in a good thermal contact with sample. In this configuration thickness of sample is unknown, but included in the calibration factor V,,. To calibrate the measurements of volume specific heat, literature values (at room temperature) were used for each sample [4] . Due to the fact that sample's thickness is unknown, the constancy of the phase (which c o n f i i s that sample indeed is thermally thin) must be verified prior to taking the measurement (Fig. 2) . In the IPPE scheme the sensor is opaque and thermally thin for frequencies below 200 Hz. The sample (typically 3 mm thick) is thermally thin for frequencies higher than 0.01 Hz. Consequently, chopping frequencies of 0.2 Hz (SPPE) and 0.1 Hz (IPPE) were chosen to satisfy validity criteria imposed by eqs. (1) and (2) . Water, the thermal effusivity of which is accurately known at room temperature, [5] was used to calibrate the IPPE measurement.
For solid samples at room temperature (such as C12:0), the cell was first heated to a temperature exceeding melting point and then cooled down slowly again in order to assure a uniform thickness and a good thermal contact between sensor, sample and A1 foil. The temperature variation rate was 1 "Clmin.
RESULTS
The results are shown in Figs. 3-6 . No important changes in temperature behaviour of volume specific heat and thermal effusivity in the 20-60°C temperature range for caproic and oleic acids were found, while sharp anomalies were observed in a critical region for lauric fatty acid.
As mentioned above, remaining thermal parameters can be calculated by means of eq. 3. Thermal conductivity of investigated samples is displayed in Figs. 7 and 8. 
CONCLUSIONS
A new method based on a combined SPPE-IPPE configurations was proposed for investigating temperature behaviour of dynamic thermal parameters of lipids. This hyphenated technique allows a direct measurement of volume specific heat and of thermal effusivity; remaining two thermal parameters are then calculated. Previously unknown temperature behaviour data of dynamic thermal parameters for caproic, oleic and lauric fatty acids were obtained using this SPPE-IPPE approach.
